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Abstract
Background: The diagnosis, treatment, and prognosis of pediatric diseases rely on the 
accurate establishment of the reference interval (RI). This study aimed to establish 
pediatric RIs for liver function tests and evaluated the correlation of the analytes.
Methods: Pediatric population (aged 1–<18 years) was prospectively recruited in Jilin 
Province, China. Analytes detected by Ortho VITORS 5600 automatic biochemical 
analyzer. All strata were divided using the regression tree and Harris and Boyd's 
method. The dynamic changes of RI were evaluated by the lambda-mu-sigma method.
Results: Reference individuals were comprised of 6,322 children and adolescents. 
Age and sex differences were present in all analytes except serum total protein. The 
serum albumin, total protein, γ-glutamyl transferase, total bilirubin, and unconjugated 
bilirubin levels increased with age while serum aspartate aminotransferase was 
opposite. The serum alanine aminotransferase level reached a trough at the age of 
5 and later steadily in males but slowly decreased in females. The serum alkaline 
phosphatase level dropped rapidly after reaching a peak at 9 years old in females and 
12 years old in males. RIs were divided into 11 partitions at most and 5 partitions at 
least. The strongest correlation between analytes was total bilirubin and unconjugated 
bilirubin (r = 0.788), followed by total bilirubin and albumin (r = 0.511).
Conclusions: Analytes show unique dynamic changes in pediatric population. 
The correlations among liver function tests can inform future studies of particular 
variables. Age- and sex-special pediatric RIs should be established to help an accurate 
diagnosis of disease.
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1  |  INTRODUC TION

The concept of the reference interval (RI) was first proposed in the 
1960 s.1 Nowadays, the EP28-A3c document, issued by the Clinical and 
Laboratory Standards Institute (CLSI), interprets the RI as the interval be-
tween, and including, two reference limits.2 Clinicians rely on reliable and 
appropriate RI to assess patient's health, interpret test results, analyze 
test information, and provide treatment evidence. As a note, its erro-
neous assessment will make a bad judgment on the patient's condition, 
delay the timing of treatment, and cause irreparable consequences. At 
present, many clinical laboratories adopt the RI from diagnostic test man-
ufacturers, medical literature, or national industry standards.3 In practice, 
RI is affected by the regions, ethnicities, economic conditions, living con-
ditions, and eating habits, as well as sex, age, and nutritional status. So, 
the laboratory should establish RI suitable for the local population.

The liver is a large and complex organ that plays a central 
role in carbohydrate, protein, and fat metabolism. Liver func-
tion tests can reflect the degree of damage to human liver pa-
renchyma, fibrosis, synthesis status, and coagulation function.4 
Besides, these analytes have a suggestive role in the early stage 
of hepatobiliary diseases and are commonly used in clinical 
health assessment. With these, clinicians can more accurately 
implement diagnosis, treatment, and prognosis. Currently, only 
adult RIs are regulated by the National Health Commission in 
China.5 However, the clinical interpretation of pediatric RI is ex-
ecuted in the context of age- and sex-specific dynamics. Children 
and adolescents differ greatly from adults in terms of growth, 
development, and eating habits, so adult RIs are no longer ap-
plicable to the pediatric population. Although there is no need 
to partition between adult and pediatric RIs for certain analytes, 
most clinical laboratory tests still need to be specifically divided 
by age and sex.6 Therefore, specific RIs for children and adoles-
cents need to be established.

Establishing pediatric RI is a precarious, costly, and time-consum-
ing process, as sampling from especially young children is further-
more technically difficult and associated with ethical considerations.7 
Although RI transference, proposed by CLSI,2 affirms the possibility 

that laboratories can transfer previously RI elsewhere to new analytical 
methods or new locations, the practicality of the RI after transference 
is questionable due to the differences in conditions and methodologies.

The purpose of this study was to establish age- and sex-specific 
RIs for liver function tests in children and adolescents based on the 
methods and guidelines proposed by the International Federation of 
Clinical Chemistry and Laboratory Medicine, CLSI, and the Chinese 
National Health Committee.5 Healthy children and adolescents in Jilin 
Province were recruited as reference individuals. Statistical methods 
were adopted as the basis for dividing the RIs. Also, this study will 
evaluate the correlation between analytes.

2  |  MATERIAL S AND METHODS

2.1  |  Reference population

To obtain samples from healthy children and adolescents, the recruit-
ment of study participants, aged 1–<18 years old, carries through in 
randomly selected physical examination centers, schools, and commu-
nity centers from August 2017 to November 2018. Reference indi-
viduals were enrolled from 5 communities, 12 schools, and 9 hospitals 
in 5 cities (Changchun, Jilin, Yanbian, Songyuan, and Baishan), Jilin 
Province, China. Since the intercept point of RI was not clear, the sam-
ple size of each sex must be greater than 120 every year of age and the 
reference individuals were evenly distributed for sex and age.

2.2  |  Exclusion criteria

Participants in this study required completion of a short question-
naire, written informed consent, and blood collection. In particu-
lar, all responses to these were voluntary. The exclusion criteria, 
described in detail in previous publications,8 were as follows:

① Presence of acute or chronic diseases which require medical 
intervention; ② Weight and height more than 10% of the average at 
the same-sex; ③ Use of medications in the past 2 weeks; ④ Surgery 

TA B L E  1 Analytical performance of chemistry assays on the Ortho VITROS 5600 Integrated System

Analyte SI unit
Bias of 
accuracy, %

Measuring 
range

Precision
Accreditation 
criteriaLow level, % High level, %

Within-day Between-day Within-day Between-day Bias
Total 
error

Alb g/l −0.55 10.0–60.0 0.6 1.79 0.8 1.2 2.0 6.0

TP g/l −0.12 20.0–110.0 1.1 1.66 1.82 2.13 2.0 5.0

ALT U/l −0.8 6–1,000 4.08 4.24 1.25 1.67 6.0 16.0

AST U/l 4.86 9.0–653 1.4 1.42 1.4 1.52 5 15

GGT U/l 4.86 9.0–653 1.4 1.42 1.4 1.52 5 15

ALP U/l 1.74 20–1,500 3.68 2.71 3.96 2.98 10.0 18.0

TBIL μmol/l −1.19 1.7–461.7 2 2.29 2.41 3.24 5.0 15.0

Bu μmol/l −0.91 0–462 1.89 1.72 2.24 3.44 5 15
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or donated blood in the past 4 months; ⑤ Known carrier state for 
hepatitis B virus, hepatitis C virus, or human immunodeficiency virus; 
⑥ Serum creatinine >120 μmol/l; ⑦ Serum creatine kinase >500.0 
U/l; ⑧ Serum uric acid >475.0 μmol/l; ⑨ Serum albumin <35.0 g/l; ⑩ 
Fasting plasma glucose >7.0 mmol/l; ⑪ C-reactive protein >12.0 mg/l; 
⑫ White blood cell count <3.0 × 109/l or >12.0 × 109/l; ⑬ Hemoglobin 
<120 g/l (male) or <110 g/l (female).

2.3  |  Sample collection and handling

Serum samples were collected from all participants after obtaining pa-
rental permission. Participants must maintain a normal diet and avoid 
strenuous exercise 3 days before blood sample collection. After over-
night fasting for more than 8 h (3–6 h under 3 years old), blood was 
taken between 7:30 and 9:30 am by professional nurses, according to 
standard operating procedures. The participants were situated in the 

sitting position before blood sampling. Venous blood (4 ml) was col-
lected in vacuum tubes (Vacutainer® SST, BD) by using aseptic methods 
and immediately left at room temperature for <30  min until clotted. 
All collected blood samples were centrifuged (1,200  g, 10 min) and 
separated within 30  min, and then stored and transported in cold 
chain trucks at 2–8°C (samples of Changchun must be sent to the First 
Hospital of Jilin University within 2 h, while samples outside Changchun 
were taken 8 h) until testing. Of note is that any samples with hemoly-
sis, lipidemia, or jaundice were excluded from further analysis.

2.4  |  Laboratory test

Measurements of biochemical analytes were run with Ortho 
VITORS 5600 (Ortho-Clinical Diagnostic), a dry versatile chemistry 
system, according to the manufacturer's instructions. All laboratory 
procedures were performed by trained laboratory staff. Reagents, 

F I G U R E  1 Protocol for establishment 
of pediatric reference intervals
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calibrators, and controls were supplied by the manufacturer of the 
instrument. The analytical performances are presented in Table 1. 
The First Hospital of Jilin University was accredited by the China 
National Accreditation Service for Conformity Assessment as satis-
fying the requirements of ISO15189 in 2012.

2.5  |  Ethical consideration

Ethical approval for the study was given by the Ethics Committee of 
the First Hospital of Jilin University (No. 2016–306). Apart from this, 

local ethics approval was obtained at each center and each guardian 
gave consent before enrollment.

2.6  |  Statistical methods

Outlying values were identified and removed using Dixon's method. 
If extreme values of one or more attributes were found in one indi-
vidual, all test results of that individual should be eliminated. For each 
analyte, the one-sample Kolmogorov-Smirnov method was used to 
test for Gaussian distribution and when appropriate, transformed 

TA B L E  2 Percentiles distribution of liver function tests

Age 
(year) Sex n BMI (cm/kg2)

ALB TP ALT AST GGT ALP TBIL Bu

P2.5 P50 P97.5 P2.5 P50 P97.5 P2.5 P50 P97.5 P2.5 P50 P97.5 P2.5 P50 P97.5 P2.5 P50 P97.5 P2.5 P50 P97.5 P2.5 P50 P97.5

1–<2 M 128 15.7 38.9 43.2 48.8 56.2 64.0 72.9 11.9 34.9 45.9 29.2 42.1 54.8 10.0 10.0 14.3 156.4 231.0 329.0 4.87 9.87 14.23 0.00 2.02 7.75

F 135 15.7 37.9 43.0 49.2 55.2 63.9 73.1 11.3 32.8 44.1 27.5 41.4 57.2 10.0 10.0 14.1 119.8 212.0 351.4 5.25 10.01 14.20 0.00 3.65 8.34

2–<3 M 231 15.8 40.3 44.2 49.8 59.0 66.3 74.8 13.1 23.5 36.2 24.9 33.2 44.9 10.0 10.0 13.9 136.6 200.0 302.2 2.68 7.26 13.63 0.00 2.96 8.70

F 237 15.7 39.6 44.3 50.2 60.3 66.3 75.1 12.6 23.2 34.4 24.4 32.9 44.7 10.0 10.0 14.9 144.8 210.0 307.1 2.70 7.07 13.60 0.00 2.57 9.42

3–<4 M 191 15.7 40.3 44.5 50.8 59.7 66.9 75.4 12.6 22.1 36.6 24.9 30.9 41.8 10.0 10.0 14.1 138.2 207.0 315.2 3.04 6.72 13.43 0.00 2.82 9.61

F 193 15.6 40.8 45.1 49.2 60.6 68.1 75.3 12.8 21.9 32.6 24.2 31.3 40.9 10.0 10.0 15.5 136.3 198.0 305.6 2.52 7.24 12.74 0.00 3.37 9.11

4–<5 M 123 15.7 40.9 45.0 50.7 59.8 68.1 75.7 11.8 21.3 39.0 22.0 29.4 39.7 10.0 10.8 14.9 134.9 195.0 299.1 2.72 7.76 14.29 0.00 3.66 9.42

F 124 15.6 41.0 45.5 51.0 57.4 68.1 75.3 12.9 22.0 32.9 21.6 29.9 40.6 10.0 10.0 15.4 136.8 199.5 284.0 3.35 7.43 14.86 0.00 3.54 9.84

5–<6 M 297 15.4 41.0 45.5 50.8 61.5 69.5 76.9 11.8 21.9 37.2 21.6 30.1 40.3 10.0 10.8 16.4 140.3 211.0 320.0 3.35 8.00 15.71 0.00 3.66 9.88

F 317 15.3 41.1 45.3 50.7 61.4 69.0 78.2 11.5 21.8 35.8 23.1 29.5 39.9 10.0 10.5 15.3 142.9 216.0 298.2 3.81 8.43 15.47 0.00 3.74 10.69

6–<7 M 122 15.8 40.6 45.7 51.4 62.4 70.3 76.9 11.6 22.6 40.5 20.3 28.3 39.3 10.0 11.1 16.3 134.2 202.0 298.5 4.03 9.63 18.54 0.00 2.73 13.58

F 121 15.7 40.8 46.3 50.3 58.9 70.8 78.6 11.3 23.2 40.4 19.9 27.4 39.9 10.0 11.1 16.8 134.1 205.0 353.3 4.79 9.61 18.67 0.00 3.76 11.22

7–<8 M 123 15.5 38.3 45.0 49.8 57.9 70.3 78.0 11.7 23.4 42.6 19.2 27.6 39.1 10.0 11.8 18.1 135.2 207.0 295.5 5.95 11.19 23.24 0.00 3.84 11.58

F 120 15.5 39.9 45.4 50.2 62.6 70.6 78.0 15.4 25.0 41.9 20.1 27.3 40.5 10.0 11.8 17.8 138.2 211.5 396.7 4.64 12.06 21.95 0.00 4.27 14.43

8–<9 M 162 16.2 39.9 44.9 50.9 63.3 71.6 80.5 16.4 29.1 42.1 19.8 26.3 37.2 10.0 12.1 17.6 146.1 232.5 353.9 6.23 14.47 22.70 0.00 6.71 14.32

F 121 16.1 41.1 45.5 51.5 63.5 72.1 81.8 14.8 27.1 40.9 19.1 25.5 36.1 10.0 12.1 17.9 145.1 241.0 368.4 6.22 14.74 24.67 0.00 7.52 16.13

9–<10 M 224 16.4 40.4 45.8 50.7 64.8 72.6 81.9 12.4 23.9 44.4 19.4 25.1 34.4 10.0 13.3 22.7 136.5 230.5 395.6 6.80 12.95 23.53 0.00 7.02 15.00

F 222 16.2 39.8 45.4 51.2 61.3 71.8 81.0 12.8 23.6 44.7 17.8 24.3 34.8 10.0 12.4 21.1 141.3 262.5 434.2 7.71 14.25 25.32 0.00 7.55 14.82

10–<11 M 207 17.6 41.9 46.6 51.9 64.5 73.3 82.6 14.6 23.7 44.0 18.4 24.0 35.3 10.0 14.6 25.8 154.2 257.0 423.0 6.47 11.79 27.50 0.00 6.95 14.82

F 191 17.4 41.4 45.9 50.9 62.3 72.7 81.7 12.7 20.7 40.7 15.3 21.7 30.5 10.0 12.9 22.7 118.4 258.0 426.4 7.40 14.36 25.08 0.00 8.76 17.43

11–<12 M 192 18.0 41.0 47.5 52.0 64.2 74.2 81.2 12.9 22.6 44.8 16.7 23.1 36.1 10.0 14.8 23.4 179.3 303.5 430.1 6.88 14.37 26.61 0.00 8.30 16.22

F 244 18.2 41.4 47.1 52.4 65.1 75.4 83.1 11.0 19.6 38.4 15.2 20.2 27.5 10.0 12.6 24.5 98.4 212.5 411.3 7.45 14.19 27.09 0.00 8.31 16.50

12–<13 M 362 18.9 42.3 47.6 53.2 65.7 75.0 82.7 12.2 23.1 44.1 16.6 22.2 31.8 10.0 15.1 25.5 138.0 299.5 429.8 7.97 15.89 31.89 0.09 8.63 17.29

F 353 18.6 42.0 47.3 52.9 67.2 75.4 83.7 11.6 20.3 38.7 14.1 19.0 27.2 10.0 12.3 20.5 72.9 156.0 339.2 7.68 14.75 28.27 0.00 8.39 15.56

13–<14 M 250 19.1 42.5 48.3 53.8 65.4 75.8 83.3 11.9 24.1 44.6 15.3 21.6 31.3 10.0 16.1 25.9 117.1 252.0 425.2 8.23 16.96 32.11 0.09 10.03 18.67

F 257 19.4 41.6 47.2 53.2 65.7 76.6 84.6 11.7 20.9 38.8 13.7 18.9 25.8 10.0 12.2 22.5 72.0 126.0 261.1 7.68 14.74 28.59 0.00 8.81 17.68

14–<15 M 122 19.7 43.2 47.5 52.7 65.3 74.3 83.6 15.8 23.6 45.1 15.7 21.7 35.3 10.4 17.2 27.8 79.3 215.5 423.5 8.99 16.66 34.10 0.63 10.30 17.64

F 124 20.3 40.4 45.3 52.8 64.0 76.4 83.4 11.8 20.7 43.6 14.3 18.7 26.4 10.0 14.2 25.0 51.3 108.5 226.4 8.30 16.63 27.43 1.04 10.26 16.72

15–<16 M 132 20.5 42.8 47.7 51.9 64.6 74.5 84.7 15.3 25.9 44.7 13.9 21.1 32.0 10.0 17.0 26.7 62.0 150.5 324.0 10.49 19.16 35.02 0.00 11.19 17.60

F 198 20.1 39.9 45.9 52.1 66.1 75.3 83.8 11.6 21.0 44.9 13.1 18.9 27.8 10.0 12.9 22.9 53.0 92.5 177.0 8.33 15.42 27.21 2.06 8.68 15.57

16–<17 M 124 20.7 42.9 48.5 53.0 65.7 74.9 81.7 17.9 27.2 45.4 14.6 21.8 35.0 10.1 16.5 27.5 63.3 114.0 334.5 9.92 22.23 35.26 0.10 12.54 18.61

F 123 20.0 41.8 46.6 52.1 66.7 75.0 82.0 12.4 21.9 43.5 13.1 18.4 27.1 10.0 12.0 23.8 49.0 77.0 119.7 8.12 15.18 27.79 0.00 9.68 17.05

17–<18 M 129 20.9 43.9 50 54.8 69.0 74.2 80.7 11.4 21.4 43.5 15.0 19.9 31.5 10.6 16.9 27.9 41.5 66.0 103.3 6.74 17.29 32.62 0.00 8.32 16.53

F 123 20.5 42.6 48.5 52.9 65.5 75.3 81.8 10.6 15.9 42.4 12.9 17.6 25.2 10.0 12.9 21.2 39.1 66.0 89.0 6.02 13.32 27.83 0.00 6.65 15.92
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skewed value by the Box-Cox method. Age and sex partitions were 
determined by the regression tree algorithm and then statistically 
evaluated with Harris and Boyd's test to determine whether each 
group is sufficiently different statistically to warrant its grouping.9 
In brief, the RI can be divided only when the above conditions are 
met at the same time. The RIs in this study were calculated using the 
nonparametric rank method as per the EP28-A3c guidelines from 
CLSI.2 Moreover, the lambda-mu-sigma (LMS) method, which visu-
ally presented the centile values as continuous lines as a function 
of age, was used to describe the dynamic changes of biochemical 

indicators. Spearman method was used to analyze the correlation 
among sex, age, BMI, albumin (ALB), total protein (TP), alanine ami-
notransferase (ALT), aspartate aminotransferase (AST), γ-Glutamyl 
transferase (GGT), alkaline phosphatase (ALP), total bilirubin (TBIL), 
and unconjugated bilirubin (Bu).

Statistical analysis was performed with MedCalc software 
(Medcalc Software Ltd, Ostend). Continuous centile curves for ana-
lyte levels over age were calculated using LMS chartmaker Light 2.54 
(Medical Research Council, Cambridge).10 All graphics were carried 
out by GraphPad Prism 7.0 software (GraphPad Software, San Diego).

TA B L E  2 Percentiles distribution of liver function tests

Age 
(year) Sex n BMI (cm/kg2)

ALB TP ALT AST GGT ALP TBIL Bu

P2.5 P50 P97.5 P2.5 P50 P97.5 P2.5 P50 P97.5 P2.5 P50 P97.5 P2.5 P50 P97.5 P2.5 P50 P97.5 P2.5 P50 P97.5 P2.5 P50 P97.5

1–<2 M 128 15.7 38.9 43.2 48.8 56.2 64.0 72.9 11.9 34.9 45.9 29.2 42.1 54.8 10.0 10.0 14.3 156.4 231.0 329.0 4.87 9.87 14.23 0.00 2.02 7.75

F 135 15.7 37.9 43.0 49.2 55.2 63.9 73.1 11.3 32.8 44.1 27.5 41.4 57.2 10.0 10.0 14.1 119.8 212.0 351.4 5.25 10.01 14.20 0.00 3.65 8.34

2–<3 M 231 15.8 40.3 44.2 49.8 59.0 66.3 74.8 13.1 23.5 36.2 24.9 33.2 44.9 10.0 10.0 13.9 136.6 200.0 302.2 2.68 7.26 13.63 0.00 2.96 8.70

F 237 15.7 39.6 44.3 50.2 60.3 66.3 75.1 12.6 23.2 34.4 24.4 32.9 44.7 10.0 10.0 14.9 144.8 210.0 307.1 2.70 7.07 13.60 0.00 2.57 9.42

3–<4 M 191 15.7 40.3 44.5 50.8 59.7 66.9 75.4 12.6 22.1 36.6 24.9 30.9 41.8 10.0 10.0 14.1 138.2 207.0 315.2 3.04 6.72 13.43 0.00 2.82 9.61

F 193 15.6 40.8 45.1 49.2 60.6 68.1 75.3 12.8 21.9 32.6 24.2 31.3 40.9 10.0 10.0 15.5 136.3 198.0 305.6 2.52 7.24 12.74 0.00 3.37 9.11

4–<5 M 123 15.7 40.9 45.0 50.7 59.8 68.1 75.7 11.8 21.3 39.0 22.0 29.4 39.7 10.0 10.8 14.9 134.9 195.0 299.1 2.72 7.76 14.29 0.00 3.66 9.42

F 124 15.6 41.0 45.5 51.0 57.4 68.1 75.3 12.9 22.0 32.9 21.6 29.9 40.6 10.0 10.0 15.4 136.8 199.5 284.0 3.35 7.43 14.86 0.00 3.54 9.84

5–<6 M 297 15.4 41.0 45.5 50.8 61.5 69.5 76.9 11.8 21.9 37.2 21.6 30.1 40.3 10.0 10.8 16.4 140.3 211.0 320.0 3.35 8.00 15.71 0.00 3.66 9.88

F 317 15.3 41.1 45.3 50.7 61.4 69.0 78.2 11.5 21.8 35.8 23.1 29.5 39.9 10.0 10.5 15.3 142.9 216.0 298.2 3.81 8.43 15.47 0.00 3.74 10.69

6–<7 M 122 15.8 40.6 45.7 51.4 62.4 70.3 76.9 11.6 22.6 40.5 20.3 28.3 39.3 10.0 11.1 16.3 134.2 202.0 298.5 4.03 9.63 18.54 0.00 2.73 13.58

F 121 15.7 40.8 46.3 50.3 58.9 70.8 78.6 11.3 23.2 40.4 19.9 27.4 39.9 10.0 11.1 16.8 134.1 205.0 353.3 4.79 9.61 18.67 0.00 3.76 11.22

7–<8 M 123 15.5 38.3 45.0 49.8 57.9 70.3 78.0 11.7 23.4 42.6 19.2 27.6 39.1 10.0 11.8 18.1 135.2 207.0 295.5 5.95 11.19 23.24 0.00 3.84 11.58

F 120 15.5 39.9 45.4 50.2 62.6 70.6 78.0 15.4 25.0 41.9 20.1 27.3 40.5 10.0 11.8 17.8 138.2 211.5 396.7 4.64 12.06 21.95 0.00 4.27 14.43

8–<9 M 162 16.2 39.9 44.9 50.9 63.3 71.6 80.5 16.4 29.1 42.1 19.8 26.3 37.2 10.0 12.1 17.6 146.1 232.5 353.9 6.23 14.47 22.70 0.00 6.71 14.32

F 121 16.1 41.1 45.5 51.5 63.5 72.1 81.8 14.8 27.1 40.9 19.1 25.5 36.1 10.0 12.1 17.9 145.1 241.0 368.4 6.22 14.74 24.67 0.00 7.52 16.13

9–<10 M 224 16.4 40.4 45.8 50.7 64.8 72.6 81.9 12.4 23.9 44.4 19.4 25.1 34.4 10.0 13.3 22.7 136.5 230.5 395.6 6.80 12.95 23.53 0.00 7.02 15.00

F 222 16.2 39.8 45.4 51.2 61.3 71.8 81.0 12.8 23.6 44.7 17.8 24.3 34.8 10.0 12.4 21.1 141.3 262.5 434.2 7.71 14.25 25.32 0.00 7.55 14.82

10–<11 M 207 17.6 41.9 46.6 51.9 64.5 73.3 82.6 14.6 23.7 44.0 18.4 24.0 35.3 10.0 14.6 25.8 154.2 257.0 423.0 6.47 11.79 27.50 0.00 6.95 14.82

F 191 17.4 41.4 45.9 50.9 62.3 72.7 81.7 12.7 20.7 40.7 15.3 21.7 30.5 10.0 12.9 22.7 118.4 258.0 426.4 7.40 14.36 25.08 0.00 8.76 17.43

11–<12 M 192 18.0 41.0 47.5 52.0 64.2 74.2 81.2 12.9 22.6 44.8 16.7 23.1 36.1 10.0 14.8 23.4 179.3 303.5 430.1 6.88 14.37 26.61 0.00 8.30 16.22

F 244 18.2 41.4 47.1 52.4 65.1 75.4 83.1 11.0 19.6 38.4 15.2 20.2 27.5 10.0 12.6 24.5 98.4 212.5 411.3 7.45 14.19 27.09 0.00 8.31 16.50

12–<13 M 362 18.9 42.3 47.6 53.2 65.7 75.0 82.7 12.2 23.1 44.1 16.6 22.2 31.8 10.0 15.1 25.5 138.0 299.5 429.8 7.97 15.89 31.89 0.09 8.63 17.29

F 353 18.6 42.0 47.3 52.9 67.2 75.4 83.7 11.6 20.3 38.7 14.1 19.0 27.2 10.0 12.3 20.5 72.9 156.0 339.2 7.68 14.75 28.27 0.00 8.39 15.56

13–<14 M 250 19.1 42.5 48.3 53.8 65.4 75.8 83.3 11.9 24.1 44.6 15.3 21.6 31.3 10.0 16.1 25.9 117.1 252.0 425.2 8.23 16.96 32.11 0.09 10.03 18.67

F 257 19.4 41.6 47.2 53.2 65.7 76.6 84.6 11.7 20.9 38.8 13.7 18.9 25.8 10.0 12.2 22.5 72.0 126.0 261.1 7.68 14.74 28.59 0.00 8.81 17.68

14–<15 M 122 19.7 43.2 47.5 52.7 65.3 74.3 83.6 15.8 23.6 45.1 15.7 21.7 35.3 10.4 17.2 27.8 79.3 215.5 423.5 8.99 16.66 34.10 0.63 10.30 17.64

F 124 20.3 40.4 45.3 52.8 64.0 76.4 83.4 11.8 20.7 43.6 14.3 18.7 26.4 10.0 14.2 25.0 51.3 108.5 226.4 8.30 16.63 27.43 1.04 10.26 16.72

15–<16 M 132 20.5 42.8 47.7 51.9 64.6 74.5 84.7 15.3 25.9 44.7 13.9 21.1 32.0 10.0 17.0 26.7 62.0 150.5 324.0 10.49 19.16 35.02 0.00 11.19 17.60

F 198 20.1 39.9 45.9 52.1 66.1 75.3 83.8 11.6 21.0 44.9 13.1 18.9 27.8 10.0 12.9 22.9 53.0 92.5 177.0 8.33 15.42 27.21 2.06 8.68 15.57

16–<17 M 124 20.7 42.9 48.5 53.0 65.7 74.9 81.7 17.9 27.2 45.4 14.6 21.8 35.0 10.1 16.5 27.5 63.3 114.0 334.5 9.92 22.23 35.26 0.10 12.54 18.61

F 123 20.0 41.8 46.6 52.1 66.7 75.0 82.0 12.4 21.9 43.5 13.1 18.4 27.1 10.0 12.0 23.8 49.0 77.0 119.7 8.12 15.18 27.79 0.00 9.68 17.05

17–<18 M 129 20.9 43.9 50 54.8 69.0 74.2 80.7 11.4 21.4 43.5 15.0 19.9 31.5 10.6 16.9 27.9 41.5 66.0 103.3 6.74 17.29 32.62 0.00 8.32 16.53

F 123 20.5 42.6 48.5 52.9 65.5 75.3 81.8 10.6 15.9 42.4 12.9 17.6 25.2 10.0 12.9 21.2 39.1 66.0 89.0 6.02 13.32 27.83 0.00 6.65 15.92
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3  |  RESULTS

3.1  |  Baseline characteristics

A total of 9,746 participants, 1–<18  years of age, were screened 
for enrollment into this study. Of these, 3,424 were excluded from 
analysis because the questionnaire surveys (3,249) or laboratory 
tests (175) do not meet the inclusion criteria. Out of these, 6,322 
reference individuals were enrolled in the study, who finally come 
from 5 cities in Jilin Province. Among these participants, 49.3% 
(3,119/6,322) were males and the male to female ratio is 1:1.03. The 
flowchart is shown in Figure 1.

3.2  |  RIs partition

After strict screening and normal converting, all data were Gaussian 
distribution. Except for serum TP, which showed only age differences, 
all analytes show sex and age differences. In particular, most sex differ-
ences in analytes were manifested in the senior age group and serum 
AST and GGT were the earliest, at the age of 10. In addition, higher 
values in males were observed in serum ALT, ALB, TBIL, and Bu after 
sex division (cutoff points were 11, 14, 15, and 15 years, respectively). 
Serum ALP, with a significant difference between males and females 

after the age of 11, showed the most complicated RI division. Based 
on age and sex, serum TP, ALT, GGT, TBIL, and Bu were divided into 5 
partitions and serum ALB, AST, and ALP were 6, 8, and 11 partitions, 
respectively. The percentiles of serum ALB, TP, ALT, AST, GGT, ALP, 
TBIL, and Bu are presented in Table 2, and the suggested RI is shown 
in Figure 2.

3.3  |  Trend analysis

The trends of all analytes were interpreted from the P50 curves 
in Figure 3. Many analytes exhibited unique dynamic processes 
in the first few years of life. The levels of serum ALB, TP, ALT, 
and AST showed markedly different trends under 2  years old, 
compared with the next age segment. The levels of serum ALT 
and AST were highest at 1 year old, while serum ALB, TP, GGT, 
and Bu were the opposite, with the lowest concentration at 
1 year old. The levels of serum TP rapidly rose and then slightly 
decrease after reaching a peak at the age of 13. Although reach-
ing a trough at the age of 5, the levels of serum ALT later kept 
steady in males but slowly decreased in females. The levels of 
serum AST decreased progressively with age throughout the 
study. Conversely, the levels of serum GGT increased with age. 
The gaps in serum GGT between sex were more significant after 

F I G U R E  2 Age- and sex-specific reference interval of liver function tests in the healthy pediatric population
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the age of 10, while a more obvious upward trend was shown 
in male. The progressively upward tendency with age was also 
found in the levels of serum ALB, TBIL, and Bu. The trends of 
serum TBIL and Bu showed a strong consistency, both increased 
steadily before the age of 7. However, the levels of serum ALP 

presented great variation. Although decreasing progressively in 
the 1–<4 years subgroup, the levels of serum ALP later increased 
steadily. Subsequently, the peak reached at the age of 12 in 
males; however, the levels of serum ALP reached a peak at an 
earlier age of 9 years in females.

F I G U R E  3 Age- and sex-specific continuous percentile curve of A, ALB; B, TP; C, ALT; D, AST; E, GGT; F, ALP; G, TBIL; H, Bu
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3.4  |  Correlation analysis

All indicators were significantly associated with sex (p < 0.05), with 
the exception of serum TBIL and Bu (r = −0.021, p = 0.102; r = 0.013, 
p = 0.294). As noted, negative correlations (all p < 0.05) were presented 
between the age and serum AST, ALP, and ALT. In contrast, there were 
positive correlations between age and serum ALB, TP, GGT, TBIL, 
and Bu. Significant correlations were shown among BMI and each 
indicator, of which the most prominent was serum AST (r = −0.592, 
p < 0.05). Additionally, significant correlation was presented among 
the indicators of liver function (p < 0.05). Except for serum TBIL and 
Bu (r = 0.788) and serum TP and ALB (r = 0.511), the strongest correla-
tion was shown between serum TP and TBIL (r = 0.437). The correla-
tion among each indicator is specified in Figure 4.

4  |  DISCUSSION

4.1  |  Strengths

The establishment of pediatric RI is often restricted by sample ac-
quisition due to ethical sample size, blood collection techniques, vol-
ume, etc. Even for the Canadian Laboratory Initiative on Pediatric 
Reference Intervals (CALIPER) project, it also uses leftover samples 
from outpatient clinics to ensure a large sample size.11 The current 
study was a large population-based study, with more than 120 per-
sons in each subgroup. In addition, the division of RIs was performed 
by a special statistical procedure, which has been reported in previ-
ous research.12 Undeniably, this study made an important contribu-
tion to the evaluation of pediatrics RIs.

F I G U R E  4 Spearman correlation heat map among 11 variables in the healthy pediatric population aged 1–<18 years. The strength of the 
correlation between two variables is represented by the color of the square at the intersection of those variables
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4.2  |  Trend and partition of RI

Serum ALB and TP followed a similar trend, with concentrations in-
creasing in the pediatric range. RIs for serum ALB were described 
according to sex, particularly in individuals aged over 14, and this 
was similar to the CALIPER study.11 The slight decline of serum ALB 
in adolescent female could be attributed to net losses that occur 
from menstruation, and this sex difference has been confirmed to 
disappear after menopause.13,14 For serum TP, the rising speed has 
been slowed down after 13 years old, then the concentration gradu-
ally stabilizes, even approaching adult levels. This is also confirmed 
by others.15,16 Although the upper reference limits (URLs) of serum 
ALB and TP in this study were lower than the research on CALIPER's 
dry chemistry platform, the differences were smaller than the wet 
chemistry platform.17–19 It can be considered that the system differ-
ence was one of the factors affecting RI.

Similar levels of serum ALT and AST between sex were ob-
served in the younger age group, and those were similar to other.20 
However, higher levels of serum ALT, AST, and GGT in adolescent 
males were observed in the current study, and those were found in 
other studies.21,22 In particular, the serum ALT concentrations fell 
continuously during early adolescence, whereas this was found in all 
depicted percentiles in females, the percentiles in males remained 
stable, even slightly increased.23,24 The reason for sex differences of 
serum ALT, AST, and GGT during adolescence may be partly related 
to the changes of liver size, muscle mass, and fat-muscle distribution 
with age, and the difference of sex hormones, especially during pu-
berty.25–27 In this regard, it is well known that serum concentrations 
of estradiol are low in preadolescent girls and increase at menarche, 
in contrast, after menopause, serum concentrations decline to levels 
below or similar to that in males.28 The URLs of serum ALT, AST, 
and GGT were significantly lower than adults. Unlike our research, 
the CALIPER study partitioned RIs for ALT at 0–<1, 1–<13, and 
13–<19 years of age, and the higher lower reference limit (LRL) was 
shown on the Ortho VITORS 5600 platform.29 Comparing other 
studies on the wet chemistry platform,19,29 LRL was not far from the 
current study. Even so, all the above-mentioned studies recognized 
that there were differences between sex in late adolescence, which 
were of higher value than other periods. Given the low detection 
limit in the current analysis of serum GGT (10 U/l), we think the URL 
is more meaningful for comparison. Serum GGT was proposed in 
four age groups, and all URLs were higher than the CALIPER study 
but lower than the wet chemistry platform.18

Serum ALP displayed variation with age and sex paralleling times 
of growth and was higher during rapid growth. The peak time in female 
(9 years old) was earlier than male (12 years old), and a higher value 
was observed in male. Consistent with these, Jakob Zierk et al. found 
that after reaching a local minimum at about 4 years of age, serum ALP 
showed age- and sex-specific trends, and the peak time for male and 
female was 13–15 and 10–12 years old, respectively.30 Likewise, such 
difference has also been captured by other studies.15,22 Compared 
with our previous studies,8 serum ALP and phosphate showed sim-
ilar trends during adolescence. The earlier growth peak in females, 

mimicking the sex-related delay in skeletal growth, also be found in 
other bone markers.31 In fact, the main reason for the difference is 
probably related to sex steroids, which are critical for bone maturation 
and attainment and maintenance of normal bone mineral density.27 
Serum ALP showed higher values and more complicated partition of 
RI during childhood and adolescence, compared with adults. The sex 
cutoff point for serum ALP in the current study was earlier than the 
CALIPER study (13 years old). The same delay of peak times between 
sex also be reflected in Western countries.29,30 Nevertheless, this has 
not been discovered by some Chinese researchers.18,22 We deduced 
this difference may be caused by race, eating habits, living habits, cli-
mate, geography, and others.

The concentrations of serum TBIL were higher than the adult, 
and the higher median levels observed in males were found after 
12 years. The TBIL trend was similar to other study.32 Even in the 
same detection system33 or the same race,17 there were also dif-
ferences in URL. For Bu, theoretically, the test results on the dry 
chemical system were higher than the wet chemical system.34 This 
may be caused by the difference in the classification and detection 
principle of bilirubin components (mainly bilirubin δ).35 Regrettably, 
most studies do not include unconjugated bilirubin. One of the rea-
sons is that there are few studies detected in dry chemistry system. 
Besides, the unconjugated bilirubin is often calculated by formulas 
in the wet chemistry platform. Hence, only unilateral rather than bi-
lateral RIs were calculated in the current study, which was different 
from other study.36

4.3  |  Correlation

The final sex partition of RI in ALB, TBIL, and Bu do not completely 
match Spearman's analysis results. Although sex differences in 
ALB were shown by Spearman, the further analysis concluded 
that clinical differences were not significant, so sex groups were 
combined. Complex trends with age were shown in TBIL and Bu. 
The overall analysis between sex without considering other fac-
tors may be the main reason for the difference in Spearman. In 
terms of age and trend analysis, the partitions of RIs in all ana-
lytes were consistent with Spearman's result. BMI was previously 
confirmed as an independent predictor of elevated ALT.25 In con-
trast, a lower correlation coefficient (r = −0.022) between BMI and 
ALT was present in the current study. Under disease conditions 
rather than health conditions, it may show a higher correlation co-
efficient. However, ALT concentration was highly correlated with 
AST and GGT (r = 0.300, r = 0.110, respectively), compared with 
other analytes. ALP concentration was weakly correlated with 
other analytes, except for AST (r = 0.284). All of the above trends 
showed certain similarities with the study of Jacob George et al37 
The strong correlation between serum TBIL and Bu (r = 0.788) and 
serum TP and ALB (r = 0.511) was consistent with previous views,38 
because serum TP was the composite of the ALB and globulin frac-
tions16 and similar explanations also apply to the relationship be-
tween TBIL and Bu.
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4.4  |  Limitations

The limitations of this study are as follows: ① Reference individuals 
under 1-year-old were not included in the study; ② Besides age and 
sex, no further studies have been conducted on other factors, such 
as climate, season, and diet.

5  |  CONCLUSION

Many analytes showed age or sex differences, especially in puberty. 
ALP presented complex partition of RI (11 groups). The levels of serum 
ALB, TP, GGT, TBIL, DBIL, and Bu increased with age, while serum 
ALT, ALP, and ALP showed complicated trends. In this study, the dry 
chemical system was used to establish age and sex-specific RIs for 
liver function tests. It will complement the establishment of pediatric 
RIs on different platforms and lay the foundation for further research. 
Besides, the potential correlation between liver function tests can 
reveal the intrinsic links and contribute to the joint diagnosis of the 
disease, which is worthy of further research.
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